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(54) A method for applying coatings on substrates 

(57) A method ~' forming a metal-containing layer 
on a substrate is c:=:osed. A slurry of the metal is first 
deposited on the sjbstrate; followed by heating to 
remove volatile ma:erial from the slurry, and to form a 
layer of the metal, .n another embodiment, a slurry of 
aluminum is deposited over the slurry of the metal, 
before or after the -eta! has been heat-treated to some 
degree. A diffusic ~eat treatment results in a coating 
which includes the noble-metal aluminide compound. 
Related articles are also disclosed. 
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Description 

[0001] This invention relates generally to coatings 
to* substrates. More particularly, it is directed to meth- 
ods for applying protective coatings on substrates 
employed in high temperature. 

[0002] High-performance alloys are often the mate- 
risis of choice for various components which are 
eoosed to high-temperature environments. As an 
example, turbine blades and other parts of turbine 
engines are often formed of nickel-based superalloy s 
because they need to maintain their integrity at temper- 
s--es of at least about 1000°C-1150°C. In many 
.-stances, the alloys have to be covered with protective 
coatings which provide greater resistance to corrosion 
and oxidation at high temperatures, as compared to the 
a oy itself. 

[0003] A common example of a protective coating 
Taterial for turbine engine blades is a metal-aluminide, 
sjch as platinum aluminide. This type of material is usu- 
a y deposited in several steps. For instance, the plati- 
num is electroplated onto the blade, using P-salt or Q- 
ss't electroplating solutions, in the second step, the plat- 
-jm layer is diffusion-treated with aluminum vapor to 
T:*m platinum aluminide. 

[0004] When such a protective coating becomes 
.norn or damaged, it must be carefully repaired, since 
~"rect exposure of the underlying substrate to excessive 
temperature may eventually cause the component to fail 
=nd adversely affect various parts of the engine. The 
coatings often have to be repaired several times during 
re lifetime of the component. The "overhaul" of the pro- 
tective coating usually involves complete removal of the 
rcating, followed by the application of a new coat of the 
-aterial. 

[0005] In many situations, certain portions (i.e., 
* ocal areas") of the protective coating require repair, 
.vnile the remainder of the coating remains intact. As an 
example, portions of a platinum-aluminide protective 
x>ating may become depleted in aluminum - especially 
.vhen the component is exposed to an oxidizing atmos- 
phere for an extended period of time. In the case of 
superalloy substrates, loss of aluminum from the adja- 
cent protective coating can be detrimental to the integ- 
rity of the superalloy since, under desirable 
circumstances, the coating provides thermal oxidation 
protection at elevated use temperatures. 
[0006] For selective, local repair, the traditional 
process of completely removing the platinum-aluminide 
coating is often inefficient. Such a process requires mul- 
tiple electroplating steps, followed by an aluminiding 
process, such as, pack aluminiding. In addition to being 
labor-intensive and time-consuming, the traditional 
repair process can sometimes be detrimental to the 
component. For example, the repeated stripping and re- 
coating of protective layers may damage the substrate, 
"eating" into its thickness and thereby changing critical 
dimensions of the component. 
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[0007] Thus, new techniques for apc>ying metal- 
aluminide coatings to substrates would be welcome in 
the art. The techniques should be efficient and not 
labor-intensive. They should also be use*ji for coating 
selected portions of the substrate, such as. only those 
sections which require repair. Moreover, ne new tech- 
niques should preserve the integrity of the substrate 
surface. 

[0008] In one aspect, this invention is directed to a 
method for forming a metal-containing la.er on a sub- 
strate, comprising the following steps: 

(a) depositing a slurry of the metal on the substrate; 
and 

(b) heating the metal slurry under temperature and 
time conditions sufficient to remove s-ostantially all 
volatile material from the slurry, anc :: form a layer 
which comprises the metal. 

[0009] The slurry of the metal is cec-csited on the 
substrate by various techniques, such as spraying. For 
purposes of this invention, the metal sIl'-> layer is sep- 
arate from aluminum mete : or the alumir._-n slurry layer. 
It may be applied in multiple applicatcns, with heat 
treatments between each application, to -emove the vol- 
atile components. The layer of metal is then usually sub- 
jected to a diffusion heat treatment. A typ cal metal used 
in this process is platinum. The substrate is often a 
superalloy, such as, a nic<el-based supe-=:ioy used in a 
turbine engine. 

[0010] in another e-roodiment, a s -Try of alumi- 
num is deposited over the slurry of the rreial, before or 
after the metal has been heat-treated to some degree. A 
diffusion heat treatment after the depcscion of the alu- 
minum results in a coating which comprises a metal-alu- 
minide compound. The coating may a so comprise a 
compound based on aluminide, metal a~d at least one 
metallic element in the substrate. 

[0011] In still another alternative, the deposition of 
the metal slurry is followed by a volatile-removing heat 
treatment, and then a diffusion heat treatment. Alumi- 
num is then deposited by a diffusion heat treatment of 
aluminum vapor. 

[0012] The invention is also directec to a method for 
repairing a damaged or worn metal-aicrriinide coating 
applied over a substrate, comprising the following steps: 

(i) removing the damaged or worn coating from a 
selected area on the substrate; anc then 

(ii) applying additional coating material over the 
selected area, by 

(I) depositing aluminum and a slurry of the 
metal on the selected area, in place of the coat- 
ing removed in step (i); and 
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(II) heating the aluminum and the slurry under 
temperature and time conditions sufficient to 
remove substantially all volatile material from 
the deposited aluminum and slurry, and to form 
a layer of metal-aluminide on the selected area. 
The aluminum is usually in the form of an alu- 
minum slurry deposited on the selected area 
after the deposition of the slurry of the metal 
(such as, platinum). This method is a conven- 
ient technique for quickly and effectively repair- 
ing platinum-aluminide coatings, such as those 
which are not easily accessible for other repair 
techniques. 

[0013] Related articles of manufacture are also 
described below, along with further details regarding the 
various features of this invention. 

[0014] A variety of materials, including, but not lim- 
ited to, ceramics, composites, metals, or metal alloys 
can be used as the substrate for the present invention. 
The term "metal-based" in reference to substrates dis- 
closed herein refers to those which are primarily formed 
of metal or metal alloys, but which may also include 
some non-metallic components, such as ceramics, 
intermetallic phases, or intermediate phases. In one 
embodiment, the substrate is a heat-resistant alloy, for 
example a superalloy which typically has an operating 
temperature of up to about 1000-1 150°C. Superalloys 
are described in various references, such as U.S. Pat- 
ents 5,399,313 and 4,116723, both incorporated herein 
by reference. High temperature alloys are also generally 
described in Kirk-Othmer's Encyclopedia of Chemical 
Technology, 3rd Edition, Vol. 12, pp. 417-479 (1980), 
and Vol. 15, pp. 787-800 (1981). Illustrative nickel-base 
superalloys are designated by the trade names Inconel 
®, Nimonic®, Rene ®(such as, Rene® 80-, Rene s 95 
alloys), and Udimet®. The type of substrate can vary 
widely, but it is often in the form of a jet engine part, 
such as a turbine blade, bucket, a nozzle guide, nozzle, 
vane, airfoil, or a combustor liner. As another example, 
the substrate may be the piston head of a diesel engine, 
or any other surface requiring a protective coating. In 
some instances, the substrate thickness can be quite 
small, for example less than about 0.25 cm. 
[0015] The choice of metal for the present invention 
depends on various factors, such as the type of compo- 
nent being coated and the environment in which the 
component will be used. The prevailing cost of the par- 
ticular metal may also be of considerable importance. 
Usually, the metal is selected from the group consisting 
of gold, platinum, and palladium. Platinum is often pre- 
ferred if the coating is being applied on various turbine 
engine components, such as the blades. The metal may 
be used in various forms, such as particles and flakes, 
with particles being used most often. The size of the 
particles will depend in part on the particular metal, as 
well as the manner in which the slurry is being applied 
to the substrate. The particles usually have an average 



diameter of less than about 25 microns, and very often, 
less than about 10 microns. 

[0016] According to one embodiment, a slurry of 
the metal, including a noble metal, is first deposited on 

5 the substrate. As used herein, the term "slurry" is gen- 
erally meant to embrace a solid-particle suspension in 
liquid. In addition to the metal itself, the slurry often con- 
tains a liquid carrier. Selection of a carrier will depend 
on various factors, such as: the solubility of the metal 

w and other optional additives in the carrier; the evapora- 
tion rate required during subsequent processing; the 
effect of the carrier on the adhesion of the slurry coating 
to a substrate: the carrier's ability to wet the substrate to 
modify the rheeiogy of the slurry composition; as well as 

15 handling requirements; cost; availability; and environ- 
mental/safety concerns. Those of ordinary skill in the art 
can select the most appropriate carrier by considering 
these factors. Non-limiting examples of carriers include 
water; alcohols such as ethanol and isopropanol; ter- 

20 pene and terpene-derivatives such as terpineol; halo- 
genated hydrocarbon solvents such as methylene 
chloride and tetrachloromethane; and compatible mix- 
tures of any of these substances. Terpene derivatives 
and other solvents with relatively high densities are 

25 often preferred, in view of their ability to readily maintain 
the metai panicles in suspension. Lower-density sol- 
vents are sometimes used with thickeners or anti-set- 
tling agents. 

[0017] The amount of liquid carrier employed is 
30 usually the minimum amount sufficient to keep the solid 
components cf the slurry in suspension. Amounts 
greater vian that level may be used to adjust the viscos- 
ity of the slurry composition, depending on the tech- 
nique used to apply the composition to a substrate. In 
35 general, the liquid carrier will comprise about 30% by 
volume to about 70% by volume of the entire slurry 
compcs.tlon. Additional amounts of the liquid carrier 
may be usee to adjust slurry viscosity prior to applica- 
tion of tne ccating. 
40 [0018] The slurry of the metal may also contain one 
or more binders and other additives. Non-limiting exam- 
ples include polyvinyl butyral), polyethylene oxide, and 
various acrylics, phosphates and chromates, as well as 
other water-based or solvent-based organic materials. 
45 The amount of binder present will vary considerably, but 
it is usually in the range of about 0.1% by weight to 
about 10% by weight of the entire slurry composition. 
[0019] Most of the components used in the slurry 
coating composition are well known in areas of chemi- 
50 cal processing and ceramics processing. Many are 
described in the Kirk-Othmer Encyclopedia of Chemical 
Technology, 4th Edition, Vol. 5, pp. 610-613. Examples 
include thickening agents, dispersants (which break up 
floes in a slurry); defiocculants, anti-settling agents, 
55 plasticizers, emollients, lubricants, surfactants and anti- 
foam agents. In general, lubricants, thickeners, or emol- 
lients may each be used at a level in the range of about 
0.01% by weight to about 10% by weight, and more 
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preferably, about 0.1% by weight to about 2.0% by 
weight, based on the weight of the entire slurry compo- 
sition. Those skilled in the art can determine the most 
effective level for any of the other additives, without 
undue effort. 

[0020] Many of the platinum slurries are commer- 
cially available. They are sometimes referred to in the 
art as "platinum inks". Non-limiting examples include A- 
4338, A-3788, and A-6101XA, all available from the 
Engelhard Corporation of East Newark, N.J. Another 
example is Platinum Ink #6926, also available from 
Engelhard, which includes micron-sized platinum pa rti- 
cles suspended in terpene. Some of these inks are 
descr^e^h~tJ.S. Patents^, 396,480; 5,306,411, and 
5,569,633, which are incorporated herein by reference. 
Suitable platinum slurries are also available from John- 
son Matthey, Inc. 

[0021] The metal slurry may be applied to the pro- 
tective coating surface by a variety of techniques known 
in the art. (See, for example, the Kirk-Othmer Encyclo- 
pedia of Chemical Technology, 4th Edition, Vol. 5, pp. 
606-619; as well as The Technology of Paints, Var- 
nishes and Lacquers, edited by C. Martens, Reinhold 
Book Corporation, 1968. The slurries can be slip-cast, 
brush-painted, dipped, sprayed, flow-coated, roll- 
coated, or spun-coated onto the substrate surface, for 
example. 

[0022] Spraying (such as, air spraying or airless 
spraying) is often the easiest way to apply the slurry 
coaling onto the substrate. The viscosity of the coating 
for spraying can be frequently adjusted by varying the 
amount of liquid carrier used, for example. Spraying 
equipment and parameters for this technique are known 
in the art, such as, see the Encyclopedia of Chemical 
Processing and Design, Vol. 53. p. 45 et seq.; and Sur- 
face Coatings - Paints and their Applications, Vol. 2. 
Tafe Educational Books, 1984. One example of an air- 
spray gun is the Paasche 62 sprayer, which operates at 
about 35-40 psi, and forms a 1-2 inch (2.5-5.1 cm) 
spray-fan pattern, when the spray gun is kept at about 5- 
12 inches (12-30 cm) from the substrate (stand-off dis- 
tance). A wide variety of paint sprayers can be used. 
Usually, the slurry is applied in multiple passes (such 
as, back and forth) of the spray gun. 
[0023] In preferred embodiments, the layer of metal 
slurry is heat-treated after being applied to the substrate 
(and prior to the optional deposition of the aluminum 
component). This particular heat treatment can be 
referred to as an "evaporation step" or "evaporation 
stage". The choice of heating technique is usually not 
critical. A conventional oven is frequently employed. 
The appropriate time/temperature schedule for heating 
the slurry layer will depend on various factors, such as 
the desired thickness for the coating; the particular The- 
ological characteristics of the coating composition; the 
evaporation rates for the volatile components in the 
slurry composition, and the shrinkage rate of the coat- 
ing as the volatile components evaporate. (The volatility 



of components in the s urry composition can be deter- 
mined by a variety of techniques, such as differential 
thermal analysis (DTA) and thermal gravimetric analysis 
(TGA)). 

5 [0024] Sometimes, the slurry is gradually heated to 
a temperature approximately equal to the boiling point 
of the least-volatile component. The temperature can be 
maintained at that leve: until substantially all of the vola- 
tile materials have been evaporated. If the temperature 

10 is raised too quickly, me rapid evaporation of volatile 
components can lead to bubbling, which may result in 
coating defects. When removing volatile components, 
the heating is usually cone in an air atmosphere. 
[0025] Frequently the slurry of the metal includes 

15 volatile components vrach have a considerab-e range of 
boiling points. In those instances, it is often desirable to 
evaporate the volatile components at two or more heat- 
ing levels, for example a first heating leve! for the lower- 
boiling components, =-d a second heating ievel for the 

20 higher-boiling components. Use of the multiple evapora- 
tion levels appears to enhance the green strength of the 
applied layer. As a general example, the s'urry could 
first be heated at a temperature in the range of about 
100°C to about 200 C C ; or about 5 minutes tc about 120 

25 minutes, to remove lo.ver-boiling componer.:s like alco- 
hols. The temperature could then be raised :c a second 
level of heating at a temperature in the range of about 
300°C to about 400 C C for about 5 minutes to about 120 
minutes, to remove (ty evaporation or burn-out) higher- 

30 boiling components I * e many of the organic binders. In 
general, longer hea:.-g times compensate to some 
extent for lower terriceratures, while higher tempera- 
tures compensate to some extent for shoner time peri- 
ods. (The maximum heating temperature should remain 

35 below that which wo^d result in considerate oxidation 
of the substrate). Th:se of skill in the art w'' 1 be able to 
determine the most acpropriate time and temperature 
regime for a given s.--y system. 

[0026] In some ceferred embodiments, the layer of 

40 metal slurry is deposited in at least two applications. 
The use of the thinner "sub-layers" appears to result in 
greater green strength for the overall layer after removal 
of the volatiles, white also enhancing adhesion of the 
layer to the substrate. The number of applications will 

45 depend in part on the composition of the slurry and the 
desired thickness c' the overall layer. For an overall 
metal thickness (after removal of the volatile compo- 
nents) in the range of about 1 micron to about 10 
microns, two applications of the slurry are often desira- 

50 ble. In preferred embodiments, the volatile-removing 
heat treatment (or multiple heat treatments) is carried 
out after each of the applications of slurry. However, it 
may sometimes be possible to avoid the heat treatment 
until after the last application of the slurry, such as, 

55 when the overall coating is very thin. 

[0027] In some embodiments, the metal layer (i.e., 
the coating that results from the removal of volatiles 
from the slurry) is crffusion heat-treated prior to the 
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optional application of aluminum. Diffusion heat treat- 
ments for metal-containing layers are known in the art. 
The primary factors involved in selecting the most 
appropriate time and temperature for this treatment are 
(1) the time required to form various aluminum phases, 
such as bimetallic and trimetallc aluminides; and 2) the 
desired thickness of the diffusion layer. Usually, the dif- 
fusion heat treatment is carried out at a temperature in 
the range of about 97S°C to about 1200°C for abo ut 30 
minutes to about iTTiou rs. In some preferred embodi- 
"ments, the diffusion heaTlfeatment is carried out at a 
temperature in the range of about 975°C to about 100°C 
for about 60 minutes to about 4 hours. The diffusion 
heat treatment may be carried cut in an inert gas atmos- 
phere, such as, argon or nitrogen, or in a vacuum. 
Sometimes, the inert gas is mixed with hydrogen. 
[0028] As mentioned above, aluminum may option- 
ally be deposited on the metai-coated substrate as a 
slurry. Aluminum slurries are known in the art and com- 
mercially available. The material is often a dispersion of 
aluminum metal powder, such as, from about 30 to 
about 50 wgt % aluminum, in an aqueous solution. The 
aluminum powder usually has an average particle size 
of less than about 10 microns . Various other ingredients 
may be present. For example, one or more binders may 
be used, such as chromium saris (such as, dichromate), 
phosphate salts (such as, a'uminum phosphate), or 
molybdate salts. The slurry may also contain various 
forms of silicon. For example, an alkali metal silicate 
may be used to lower the cjring temperature of the 
slurry. Modifiers which permit curing of the slurry into 
water-insoluble form at reduced temperatures may also 
be included. Examples include alkanol amines. One 
non-limiting example of a suitable aluminum-based 
slurry for the present invention is Alseal 625®, from 
Coatings for Industry, Inc. Seme other suitable slurries 
are described in U.S. Patents 4,319,924; 4,289,652; 
3,248,251; 3,248,250; 3,246.249; and Belgian Patent 
No. 825,180, all of which are incorporated herein by ref- 
erence. 

[0029] The aluminum slurry may be applied over 
the metal-coated substrate by any of the techniques 
described above. As in the case of the metal slurry, 
spraying is often the preferred technique. The viscosity 
of the slurry can be adjusted for effective spraying by the 
addition of an appropriate sorvent, such as, water. Other 
spray parameters can also be selected by those of ordi- 
nary skill in the art. The aluminum slurry may be depos- 
ited in one application, but is often deposited as sub- 
layers in at least two applications. As in the case of the 
metal slurry, the number of applications will depend in 
part on the composition of the slurry and the desired 
thickness of the overall layer, in some preferred embod- 
iments, about 2 to about 4 applications of the slurry are 
deposited. 

[0030] Moreover, the aluminum slurry is usually 
heat-treated after the application of each sub-layer, to 
remove a portion of the aqueous component, such as, 
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water, while removir-g substantially all of the other vola- 
tile constituents, sucn as, the binders. For the aluminum 
slurries generally described above, the heat treatment 
is usually carried out in air at a temperature in the range 

5 of about 70°C to about 130°C for about 60 minutes to 
about 120 minutes. In general, longer heating times 
compensate to some extent for lower temperatures, 
while higher temperatures compensate to some extent 
for shorter time periods. In some embodiments, a heat 

10 treatment is not carried out until after all of the sub-lay- 
ers are applied, or is carried out after some (but not all) 
of the sub-layer applications. Elimination of some of the 
heat treatments may be desirable if each sub-layer is 
very thin, or if very snort processing times are required. 

7 5 However, it is usua ;y preferred that a hea: treatment 
take place after each of the sub-layer depositions, to 
improve the green strength of the aluminum layer, while 
also ensuring the -e-noval of substantially aN of the vol- 
atiles. 

20 [0031] In preferred embodiments, an additional 
heat treatment is carried out to cure the aluminum coat- 
ing. This treatment zan be carried out in air. vacuum, or 
an inert gas env*onment, or an environment which 
includes an air/ins- gas mixture. As used herein, "cur- 

25 ing" of the aluminum coating is accomplished when (1) 
any volatile mate-als (including the aqueous compo- 
nents) are substa~t ally evaporated or "burner: out"; and 
(2) the coating becomes densified, with higher green 
strength. The mcs: appropriate curing temperature will 

30 depend on various '"actors, such as the specfic compo- 
nents contained - the "green" coating, as well as its 
thickness. Usual!} the curing temperature v. ..! be in the 
range of about 2Z0-C to about 300 °C, fcr about 1 
minute to about 30 minutes. As in the case of the other 

35 heat treatments, an adjustment in cure time can permit 
an adjustment in cure temperature. The cu'e tempera- 
ture can be achis.ed by gradually raising t.ne heating 
temperature frorr :nat used in the prior heat treatment, 
or by rapidly raisr; the heating temperature. 

40 [0032] The a~minum layer is then subjected to a 
diffusion heat treatment sufficient to diffuse the alumi- 
num into the meta material. A layer of metai-aiuminide 
is thereby formed, and is sometimes referred to as a 
"diffusion layer". As mentioned above, diffusion heat 

45 treatments are werl-known in the art. Related informa- 
tion can be founc in the Kirk-Othmer Encyclopedia of 
Chemical Technology, 4th Edition, Vol. 19, pp. 371-312 
(1996); and Vol. 21. pp. 102-103 (1997). Tne diffusion 
heat treatment for aluminum is usually carried out at a 

50 temperature in the range of about 975" C to about 
12QQ!CjQLab out 50 minutes t o abpjjULfapurs. In some 
preferred embodiments, the diffusion heat treatment is 
carried out at a temperature in the range of about 975°C 
to about 1 100 5 C for about 60 minutes to about 6 hours. 

55 As in the case of the diffusion heat treatment for the 
metal, treatment for aluminum may be carried out in an 
inert gas atmospher e, such as, argon or nitrogen, or in 
a vacuum. Sometimes, the inert gas is mixed with 
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hydrogen. 

[0033] It should be understood that the present 
invention includes various alternatives in regard to the 
diffusion heat treatment, when both the metal and alu- 
minum are being deposited. For example, the use of a 
single diffusion heat treatment after the deposition of 
the aluminum is possible, i.e., omitting the diffusion heat 
treatment after the deposition of the metal. Alternatively, 
multiple diffusion heat treatments can be carried out, 
such as, one after the deposition of the metal, and one 
after the deposition of the aluminum. Those of skill in 
the art can determine the most appropriate heat treat- 
ment-regimen, based in part on the factors described 
herein. 

[0034] The thickness of the metal-aluminide layer 
will depend in large part on the desired end use of the 
component containing the substrate. For a turbine 
engine corrconent, the thickness will usually be in the 
range of about 10 microns to about 200 microns, and 
preferably, in the range of about 10 microns to about 30 
microns. 

[0035] in another embodiment of this invention, the 
aluminum is deposited on the metal-coated substrate by 
a diffusion heat treatment of aluminum vapor. Such a 
process is sometimes referred to as "vapor aluminiding" 
or "vapor aiuminizing", and is known in the art. Conven- 
tional sources of aluminum vapor can be employed, 
such as, activated precursors like ammonium fluoride 
and alumina. In general, the vapor aluminiding treat- 
ment is carried out according to the conditions used for 
the diffusion treatment of the aluminum slurry layer 
described previously, for example about 975°C to about 
1200°C for about 30 minutes to about 8 hours. As is 
understood in the art, the diffusion process often results 
in interdiffusion between aluminum, the metal, and 
sometimes, the underlying substrate, such as, the 
nickel-basec material. 

[0036] Variations in the vapor aluminiding process 
may be employed. For example, a pack-aluminiding 
process may be used, in which the metal-coated sub- 
strate is immersed within a mixture or pack containing 
the aluminum source, filler material, and a halide ener- 
gizer. At temperatures which are usually in the range of 
about 700-750°C, reactions within the mixture yield an 
aluminum-rich vapor which condenses onto the sub- 
strate surface. The substrate can then be subjected to a 
diffusion heat treatment sufficient to diffuse the alumi- 
num into the metal material, as described previously. 
[0037] Other exemplary techniques which can be 
used to diffuse aluminum into the metal coat include 
pack cementation, fluidized-bed techniques, "out-of- 
the-pack" processes, chemical vapor deposition, elec- 
trophoresis, and sputtering. Those of skill in the area of 
refractory coatings are familiar with the various perti- 
nent details regarding each of these processes. 
[0038] in still another embodiment for forming a 
metal-aluminide coating, the aluminum is, again, in the 
form of a slurry. The aluminum slurry is first combined 



with the slurry of the metal to form a mixture. The mix- 
ture is then deposited on the substrate by one of the 
techniques described above, such as, spraying. 
[0039] In some instances, a single slurry which con- 
5 tains both the metal component and the aluminum com- 
ponent can be prepared, using a solvent or solvent 
mixture which is compatible with each component. 
Alternatively, the metal and aluminum components 
could each be suspended in a solvent or solvent mix- 
to ture, and the resulting mixtures could then be com- 
bined. 

[0040] Very often, commercial aluminum slurries 
are aqueous-based, while metal slurries are organic 
solvent-based. In such an instance, it is important that 

75 the two slurries be somewhat "compatibilized" witr, each 
other, prior to their combination and deposition on the 
substrate. Those skilled in the art are familiar with crffer- 
ent techniques for compatibilizing different types c: mix- 
tures. As an example, a combination of the sanies 

20 could be diluted with a large amount of a solvent which 
is at least partially compatible with both slurries, such 
as, an alcohol-based solvent. Alternatively, additives 
which function as compatibilizing agents cou?d be 
added to the combinat on of slurries. 

2£ [0041] For some of the embodiments described 
above, the final heat treatment, i.e., the diffusion-type 
heat treatment, may result in the formation of various 
compounds in the depcsited layer. For example, when a 
metal slurry is deposited on the substrate, followed by 
the deposition of aluminum (i.e., by slurry or by vapor 
aluminiding, for examp'e), and following one or ir.ce dif- 
fusion heat treatments, some reaction of the deposited 
material with the substrate metal can occur. Thus, vari- 
ous compounds may be formed. The resulting layer may 

35 comprise nickel aluminide, platinum-aluminice com- 
pounds, and platinum-nickel-aluminide compounds. 
[0042] Another embodiment of this invent cn is 
directed to a method £ or repairing a damaged cr worn 
metal-aluminide coating applied over a substrate. The 

4. metal-aluminide coating is usually platinum-aluminide. 
In the case of gas turbine engines, coating repair may 
be required during the manufacture and assembly of the 
engine, or during its overhaul after a length of service. In 
the first step, the damaged coating is removed from a 

45 selected area on the substrate by conventional proce- 
dures, for example using chemical cleaning and strip- 
ping techniques. 

[0043] The additional or replacement coating mate- 
rial is then applied over the selected area, by 

se- 
ll) depositing aluminum and a platinum slurry on 
the selected area, in place of the damaged coating; 
and then 

55 (II) heating the aluminum and the platinum slurry 
under temperature and time conditions sufficient to 
remove substantially all volatile material from the 
deposited aluminum and slurry, and to form a layer 
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of platinum-aluminide on the selected area. Details 
regarding relevant processes and materials are 
provided above. The platinum siurry can be applied 
readily by spraying or other techniques. The alumi- 
num component is preferably deposited as a slurry, 
but it could alternatively be deposited by some form 
of vapor deposition. The component being repaired 
is usually inserted into a conventional oven or a 
tube oven (for semi-continuous processes), to 
remove the volatile components. The adequacy of 
the heat treatments can be determined in part by 
examination of the coatings after they are cooled, in 
regard to appearance, adhesion, and other well- 
known physical characteristics 

[0044] This repair process is very useful for apply- 
ing durable "patch coats'* on various substrates. Moreo- 
ver, the process does not rec^re a great deal of 
equipment, as in the case of cherr cal vapor deposition 
(CVD), physical vapor deposition (PVD), or metal- 
organic chemical vapor deposition (MOCVD) systems. 
Repairs can be conveniently mare to surfaces which 
are often not easily accessible, sjch as, cavities within 
turbine engine components. 

[0045] Another aspect of the invention is directed to 
an article, comprising: 

(i) a substrate; 

(ii) a slurry of a metal appliec over the substrate; 
and 

(Hi) a slurry of aluminum appi:*ed over the substrate. 

[0046] As described previous*/, removal of the vola- 
tile components from the slurries, along with a diffusion 
heat treatment, results in a substrate coated with a 
metal-aluminide layer. The subsrate is usually a super- 
alloy, and the metal-aluminide is often platinum alumi- 
nide. 

EXAMPLES 

[0047] The following examples are merely illustra- 
tive, and should not be construec to be any sort of limi- 
tation on the scope of the claimed invention. 

EXAMPLE 1 

[0048] The substrate was button-shaped (2.5 cm 
diameter), and formed from a nickel-based superalloy. A 
surface of the substrate was grn-blasted, ultrasonically 
cleaned in isopropyl alcohol, and then dried. A platinum 
slurry from Engelhard was usee in this example. The 
slurry had a product designation of A6101XA, and con- 
tained about 65% by weight platinum, in the form of fine 
particles having an average diameter of less than about 
8 microns. The slurry also contained terpineol solvent, 



as well as various organic binders. The slurry was 
diluted with sufficient ethanol to form a 50% platinum 
slurry/50% ethanol composition. 

[0049] The platinum slurry was then deposited on 
5 the substrate, using a Paasche 52 air-spray gun, oper- 
ating at a pressure of about 30-40 psi. The gun-to-sub- 
strate distance was about 12 inches (30.5 cm). The as- 
deposited coating was baked in air at 150°C for 1 5 min- 
utes, using a standard oven, and then at 300°C for 30 
10 minutes, to remove the binders. 

[0050] A second application of the platinum slurry 
was then applied by the spray device, and was followed 
by the same heat treatment. The coated substrate was 
then diffusion-treated in argon at 1000°C for 30 min- 
15 utes. The process was repeated several times for differ- 
ent superalloy buttons, in each instance, the platinum 
coatings were tightly bound to the substrate. The aver- 
age thickness of the coatings was about 2.3 microns. 

20 EXAMPLE 2 

[0051] The platinum slurry used in Example 1 was 
again diluted by about 50% by weight in ethanol, and 
applied to a number of nickel-based superalloy buttons 

25 by spray coating, under conditions similar to those of 
Example 1. For each button, the as-deposited coating 
was baked at 400°C for about 30 minutes, followed by a 
diffusion heat treatment at a temperature of about 900- 
1000°C for about 30-60 minutes. In general, each of the 

sc resulting coatings was very smooth, and adhered tightly 
to the substrate. The coating thickness from button to 
button varied from about 2.5 microns to about 25 
microns, and the thickness was very uniform for the 
thinner coatings. 

35 

EXAMPLE 3 

[0052] The platinum slurry used in Example 1 was 
again deposited on the nickel-based substrate, using 

40 different sets of conditions. In one run, the dilution ratio 
was changed to 65% by weight ethanol/35% by weight 
platinum slurry. In other runs, the number of passes 
(i.e., with the sprayer) was varied, from about 5 to 10 
passes per application of slurry. In another set of runs, 

45 the number of applications (i.e., spraying/baking cycles) 
was varied from one to three. Each run resulted in dep- 
ositions of good quality. The thickness of the platinum 
deposit varied from about 1 .9 to 4.3 microns. 
[0053] The various substrates were then diffusion- 

50 treated at 900°C-1100 Z C under one of three atmos- 
pheric conditions: argon, an argon/hydrogen mixture, or 
a vacuum. The heating time was in the range of about 
30 to 60 minutes. In each instance, the platinum coat- 
ings became metallurgically bonded to the substrate. 

55 

EXAMPLE 4 

[0054] Example 1 was repeated, followed by the 



13 



EP 1 079 002 A1 



14 



deposition of an aluminum slurry. The slurry was desig- 
nated as Alsea! 625®, and was obtained from Coatings 
for Industry, Inc. The slurry contained about 38% by 
weight aluminum, along with a silicone, a chromium salt 
and a ceramic binder. The slurry was then air-sprayed 
onto the platinum-coated substrate to provide a wet 
thickness of about 25-50 microns. 
[0055] The slurry layer was then baked at 80°C for 
10 minutes in air. Two additional slurry layers (i.e., "sub- 
layers") were then sprayed over the substrate. After the 
deposition of each sub-layer, a heat treatment was car- 
ried out at 80*C for 10 minutes in air. The substrate was 
then cured at 260°C for 10 minutes in air. followed by a 
diffusion hea: Treatment in argon at 1093 C for 4 hours. 
This resulted in a platinum-aluminide coat;ng which had 
a high level of adhesion to the substrate. A series of 
platinum-coated substrates were diffusicn-coated with 
aluminum in this manner. The average thickness of the 
platinum-aluminide coatings was in the range of about 
50-100 microns. 



and alternatives may occur to one skilled in the art with- 
out departing from the spirit and scope of the claimec 
inventive concept. 

[0060] All of the patents, articles, and texts men- 
5 tioned above are incorporated herein by reference. 

Claims 

1. A method for forming a metal-containing layer on a 
10 substrate, comprising the following steps: 

(a) depositing a slurry of the metal on the sub- 
strate; and 

(b) heating the metal slurry under temperatirf 
15 and time conditions sufficient to remove sub- 
stantially all volatile material from the slurr. 
and to form a layer which comprises the meta 

2. The method of claim 1, wherein the slurry of t"r 
20 metal comprises a liquid carrier. 



EXAMPLE 5 

[0056] Example 2 was repeated for another series 
of buttons, an: was then followed by the spray-deposi- 
tion of aluminum slurry (using the Alsea; 625® material) 
on the buttons. The deposition was carried out in one 
application (i.e., one layer). The layer of slurry was then 
baked at 30C : C, followed by a diffusion heat treatment 
(in argon) for about 60 minutes at 1095 : C. The diffused 
coatings on tne samples were uniform, and the coating 
thickness va-ed between about 50 rr crons to 100 
microns. 

EXAMPLE 6 

[0057] Example 5 was repeated, with a variation in 
procedure, in this instance, the platinum 'ayer was not 
diffusion heat-treated (i.e., as in the case cf Example 2), 
until after the deposition of the aluminice slurry. The 
resulting coatings had a substantially uniform thickness, 
and adhered tightly to the substrate. 

EXAMPLE 7 

[0058] Example 2 was repeated, and was followed 
by a conventional vapor-aluminiding procedure carried 
out at about 1000°C-1 100°C for about 4 hours. Again, 
the resulting coatings were uniform, and adhered tightly 
to the substrate. Moreover, the coatings had microstruc- 
tures which were similar to the microstructures of prior 
art coatings applied by conventional procedures, i.e., 
electroplated platinum followed by vapor aluminiding. 
[0059] Some of the preferred embodiments have 
been set forth in this disclosure for the purpose of illus- 
tration. However, the foregoing description should not 
be deemed to be a limitation on the scope of the inven- 
tion. Accordingly, various modifications: adaptations, 



3. The method of claim 2, wherein the liquid came 
comprises at least one organic solvent. 

25 4. The method of daim 3, wherein the slurry of r 
metat is deposited on the substrate by a technic _r 
selected from the group consisting of stipcastr: 
brushing, painting, dipping, flow-coating, roll-coa: 
ing, spin coating, spraying and combination 
30 thereof. 

5. The method of claim 1, wherein the slurry of 
metal is heated in at least a first stage and a secc 
stage. 

35 

6. The method of claim 5, wherein the first stage : 
heating removes volatile components from :** 
slurry, and the second stage of heating is a diffus : 
heat treatment. 

40 

7. The method of claim 6, wherein the first stage : 
heating is carried out at a temperature in the ranc 
of about 100°C to about 400°C; and the secc- 
stage of heating is carried out at a temperature 

45 the range of about 975°C to about 1200°C. 

8. The method of claim 1, wherein the metal slurry 
deposited in at least two applications. 

50 9. The method of claim 8, wherein a first stage of hea 
ing is carried out after each application, to remc, 
volatile components from each slurry. 

10. The method of claim 1, wherein the metal is pla 
55 num. 

11. The method of claim 1, wherein the metal-conts- 
ing layer further comprises aluminum, and the a 



25 4. 



8 



15 



EP 1 079 002 A1 



minum is obtained from an a : uminum slurry 
deposited over the substrate after the deposition of 
the slurry of the metal. 

1 2. The method of claim 1 1 , wherein the metal slurry is 
heated to remove substantially all volatile material 
contained therein, prior to the deposition of the alu- 
minum slurry. 

13. The method of claim 11, wherein the aluminum 
slurry is heated in a first heating stage after deposi- 
tion, to remove substantially all volatile material 
contained therein. 

14. The method of claim 13, wherein the aluminum 
slurry layer is heat-cured after tne first heating 
stage. 

15. The method of claim 13, wherein tr.e metal-contain- 
ing layer comprises at least one compound based 
on aluminum, a metal, and a mete c element in the 
substrate. 

16. The method of claim 1, wherein tne metal-contain- 
ing layer further comprises aluminum, and the alu- 
minum and metal are in the forrr z' a single slurry 
which is applied on the substrate. 

17. The method of claim 1, wherein tne metal-contain- 
ing layer further comprises alum - jm, and the alu- 
minum is obtained from an aluminum slurry which is 
combined with the slurry of the metal to form a com- 
patible mixture, prior to deposition of the mixture on 
the substrate. 

18. The method of claim 1, wherein tne metal-contain- 
ing layer Is diffusion heat-treate: with aluminum 
vapor, after step (a). 

19. The method of claim 1, wherein :ne substrate is a 
superalloy. 

20. The method of claim 1, wherein the substrate is a 
component of a turbine engine. 

21. A method for repairing a damaged or worn metal- 
aluminide coating applied over a substrate, com- 
prising the following steps: 

(i) removing the damaged or worn coating from 
a selected area on the substrate; and then 

(ii) applying additional coating material over the 
selected area, by 

(I) depositing aluminum and a slurry of the 
metal on the selected area, in place of the 
coating removed in step (0; and 
(ii) heating the aluminum and the slurry 



under temperature and time 25 conditions 
sufficient to remove substantially all vola- 
tile material from the deposited aluminum 
and metal slurry, and to form a layer which 
5 comprises metal-aluminide on the 

selected area. 

22. The method of claim 2*. wherein the aluminum is in 
the form of an aluminum slurry deposited on the 

w selected area after the deposition of the slurry of 
the metal. 

23. A method for forming s olatinum-aluminide layer on 
a superalloy substrate, comprising the following 

15 steps: 

(a) depositing a riatinum slurry on the sub- 
strate; 

(b) heating the pia:num slurry to a temperatu'e 
20 high enough to remove substantially all volatile 

material from the slurry; 

(c) depositing an = uminum slurry over the plat- 
inum slurry; 

(d) heating the a _minum slurry to a tempera- 
25 ture high enough to remove substantially a:i 

volatile material ^cm the aluminum slurry; and 
then 

(e) heating the s jrry coated substrate under 
diffusion treatment conditions sufficient to form 

30 a platinum-alum -.de layer over the substrate. 

24. A method for forming a platinum-aluminide iayer on 
a superalloy substrate, comprising the following 
steps: 

35 

(a) depositing a : atinum slurry on the sur- 
strate; 

(b) heating the p at:num slurry to a temperature 
high enough to remove substantially all voiatiie 

40 material from the slurry; 

(c) depositing a uminum over the platinum 
slurry, by a diffus on heat treatment of alumi- 
num vapor, unde* temperature and time condi- 
tions sufficient to form a platinum aluminide 

45 layer over the surstrate. 

25. An article, comprising: 

(i) a substrate; 

50 (ii) a slurry of a metal applied over the sub- 

strate; and 

(iii) a slurry of a!uminum applied over the metal 
slurry and the suestrate. 

55 
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